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ABSTRACT
Two bacteraemic isolates of Aeromonas hydrophila and Klebsiella pneumoniae, Ah-2743 and Kp-129,
respectively, were studied for their relative pathogenicity in comparison with Escherichia coli ATCC
25922. Ah-2743 caused significantly higher serum levels of tumour necrosis factor-a, interleukin (IL)-1b
or IL-6 in human whole blood, and higher serum IL-1b and IL-6 levels in infected mice, than did Kp-129
and E. coli ATCC 25922. In addition, in BALB ⁄ c mice infected by intraperitoneal inoculation, Ah-2743
caused a higher fatality rate (80%) than did Kp-129 (0%). With intramuscular inoculation, Ah-2743
caused more rapid and intense local accumulation of inflammatory cells than did Kp-129, and
myonecrosis was present only in Ah-2743-infected mice. These data indicate that Ah-2743 is more
pathogenic than Kp-129 or E. coli ATCC 25922 for BALB ⁄ c mice. The cellular components or
extracellular factors associated with increased cytokine induction and pathogenicity of A. hydrophila in
mice merit further investigation.
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INTRODUCTION
Aeromonas hydrophila is distributed widely in fresh
and salt water, and can be found also in food,
treated drinking or domestic water, and hospital
water supply systems. Classically, patients have
acquired aeromonads by oral consumption or
direct contact with contaminated water or sea-
food. Thus, gastroenteritis and mild-to-moderate
soft-tissue infections are the most common pres-
entations. In immunocompromised individuals,
especially patients with malignancy or hepatic
cirrhosis, aeromonads can cause a wide spectrum
of infectious diseases with a substantial mortality
rate, such as hepatobiliary infections, invasive
skin and soft-tissue infections, primary bacterae-
mia, burn infections and, occasionally, pleuropul-
monary infections, meningitis and endocarditis
[1]. Most cases of bacteraemia are caused by
A. hydrophila and Aeromonas sobria [2], with case
fatality rates ranging from 28% to 46% [1].
Aeromonas infections appear to be more common
in Taiwan than in Western countries, perhaps
because of the ubiquity of aeromonads in the
natural environment and the increasing number
of susceptible hosts in Taiwan.
Klebsiella pneumoniae is another important
pathogen in the community, and the clinical
manifestations of K. pneumoniae bacteraemia in
Taiwan also appear to be distinct from those in
Western countries [3]. K. pneumoniae is often
associated with liver abscess and diabetes melli-
tus, while Aeromonas infections often occur in
cirrhotic or cancer patients, as well as immuno-
competent individuals [2]. Therefore, it is possible
that there are variations in pathogenicity between
these two common Gram-negative bacilli.
In the present study, the relative pathogenici-
ties of two clinical isolates of these species were
investigated. First, the release of pro-inflammatory
cytokines (tumour necrosis factor-a (TNF-a),
interleukin (IL)-1b or IL-6) was investigated ex vivo
in human whole blood co-cultured with heated
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bacteria [4], and in vivo in the serum of BALB ⁄ c
female mice infected with the two isolates.
Second, the survival rates of mice infected by
intraperitoneal inoculation were determined.
Third, the pathological changes in skin and
underlying soft-tissue taken from mice after
subcutaneous inoculation were studied.
MATERIALS AND METHODS
Bacteria
Two clinical bacteraemic isolates, A. hydrophila Ah-2743 and
K. pneumoniae Kp-129, were obtained from the clinical micro-
biology laboratory of National Cheng Kung University Hos-
pital (NCKUH). Ah-2743 was isolated from the blood of a
cirrhotic patient who died of fulminant septicaemia secondary
to necrotising fasciitis on the second day of hospitalisation.
Kp-129 was isolated from the blood and liver abscess of a
diabetic patient. Escherichia coli ATCC 25922 was used as a
control strain. To avoid individual variations between isolates
within these three species, four or five additional bacteraemic
isolates were collected randomly from NCKUH and were
tested for induction of cytokine secretion from the whole blood
of four healthy adults after incubation with heat-treated
organisms for 6 h.
The isolates were stored at ) 70C. When required, the
isolates were subcultured in Mueller–Hinton broth, incubated
at 35C overnight, and subcultured and incubated in fresh
broth for 2 h. The bacterial suspension was adjusted to
OD600 = 0.1, and then heated to 60C for 5 min. Following
centrifugation at 13 000 g for 5 min, the cell pellets were
resuspended in sterile normal saline and diluted 500-fold to a
final concentration of 5 · 105 CFU ⁄mL.
Cytokine release from whole blood
Whole blood (20 mL) was obtained from four healthy adults,
aged 30–35 years, in a sterile heparin vacuum tube. Lyophilised
E. coliO55:B5 lipopolysaccharidepowder (Sigma-AldrichCorp.,
St Louis, MO, USA) was used as a positive control, and was
dissolved in sterile saline and diluted to a final concentration of
10 mg ⁄L.Whole blood (0.5 mL) was co-cultured with 0.5 mL of
lipopolysaccharide solution or heat-killed bacterial solution in
each well of a 12-well cell culture plate. The co-cultured
solutions were collected in 1.5-mL microcentrifuge tubes and
centrifuged at 3000 g for 10 min. The supernatants were stored
at ) 80C for cytokine measurement by ELISA (see below).
In-vivo serum cytokine response and survival rate in mice
with peritonitis
Inbred BALB ⁄ c female mice, aged 4–5 weeks with a mean
weight of 20 g, were purchased from the Animal Center,
National Science Council, Taipei, Taiwan, and kept for
5–7 days in the animal centre of Chi-Mei Medical Center.
Food and water were supplied as normal. Three mice were
killed humanely at 1, 3, 6 and 9 h after intraperitoneal
inoculation of c. 106 CFU of Ah-2743, Kp-129 or E. coli ATCC
25922. Blood samples were obtained by direct cardiac puncture
and were kept at 4C overnight for clotting. The blood
specimens were then centrifuged at 5000 g for 20 min at room
temperature, after which the serum was stored at ) 80C for
cytokine determination.
Ten mice were also injected intraperitoneally with
c. 106 CFU of the three test bacteria. The appearance and
viability of the infected mice were observed for 24 h. The
animal experiments were conducted in compliance with the
relevant national guidelines of the Republic of China and were
approved by the Chi Mei Foundation Medical Animal Center.
Determination of pro-inflammatory cytokines
Serum levels of TNF-a, IL-1b and IL-6 were determined with
commercially available ELISA kits (Quantikine RM; R & D
Systems, Minneapolis, MN, USA) according to the instructions
of the manufacturer. The quantification of cytokine levels was
based on a standard curve derived by linear dilution of the
cytokine standards included in the kits.
Histopathological changes in mice with soft tissue infections
BALB ⁄ c mice were injected subcutaneously with 100 lL
containing c. 106 CFU of Ah-2743, Kp-129 or E. coli ATCC
25922 at four separate sites on thedorsal surface simultaneously.
At 3, 6, 9 and 12 h after injection, the infected cutaneous tissues
were dissected and fixed in 10% v ⁄v neutral-buffered formalin,
and then stained with haematoxylin and eosin for light micros-
copy.
Statistical analysis
Continuous variables were analysed by the Student’s t-test,
with p values < 0.05 considered to be statistically significant.
RESULTS
Ex-vivo induction of cytokine release from
whole blood by heat-treated bacteria
Serum levels of pro-inflammatory cytokines in
whole blood from four healthy adults were
measured at the predetermined schedule after
co-incubation with heat-treated organisms or
lipopolysaccharide. No cytokines were detected
in the serum of whole blood without co-incuba-
tion with any heat-treated organism or lipopoly-
saccharide. The serum cytokine profiles of TNF-a,
IL-1b and IL-6 are shown in Fig. 1a–c, respect-
ively. The increase of pro-inflammatory cytokine
levels in serum usually began at 3 h. Serum levels
of TNF-a (Fig. 1a) or IL-1b (Fig. 1b) induced by
heat-treated Ah-2743 were significantly higher
than those induced by Kp-129 or E. coli ATCC
25922 at 3, 6, 9, 12 or 24 h. Serum levels of IL-6
induced by Ah-2743 were significantly higher
than those induced by Kp-129 only during the
initial period (3 h), and thereafter were similar to
those induced by Kp-129 (Fig. 1c).
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To exclude variations in the induction of
cytokine release by individual isolates, four or
five bacteraemic isolates of each species were
studied ex vivo with human whole blood. The
serum pro-inflammatory cytokine (TNF-a, IL-1b
or IL-6) responses induced by bacteraemic isolates
of A. hydrophila (four isolates) or K. pneumoniae
(five isolates) were significantly more prominent
than those induced by bacteraemic E. coli isolates
(Fig. 2). Moreover, serum IL-6 levels induced by
A. hydrophila isolates were significantly higher
than those induced by K. pneumoniae isolates.
In-vivo animal model of mice with peritonitis
All infected mice survived for 12 h after intra-
peritoneal inoculation with Kp-129 or E. coli
ATCC 25922, but only two (20%) of ten mice
infected by Ah-2743 survived at this time. At four
time-points, i.e., 1, 3, 6 and 9 h after the initiation
of peritonitis, the serum of three surviving mice
was collected to determine the levels of the three
pro-inflammatory cytokines (Table 1). In mice
infected with Ah-2743, serum IL-1b and IL-6
levels progressively rose for 9 h, and were signi-
ficantly higher at 3, 6 and 9 h than the levels in
mice infected with Kp-129 or E. coli ATCC 25922.
In contrast, serum TNF-a levels rose quickly in
mice infected with Ah-2743, but declined gradu-
ally by 9 h, at which time the mice had no
detectable levels of TNF-a in serum.
Histopathological changes of cutaneous tissue
in mice with local infection
Following intramuscular inoculation of bacteria,
one inoculation site from each mouse was chosen
randomly and excised at each time-point (3, 6, 9
(a)
(b)
(c)
Fig. 1. Serum levels in whole blood from healthy adults of
TNF-a (a), IL-1b (b) and IL-6 (c) induced by co-cultivation
with heat-treated Aeromonas hydrophila (Ah-2743), Klebsiella
pneumoniae (Kp-129), Escherichia coli ATCC 25922 or lipo-
polysaccharide. Means ± the standard errors of the means
of five experiments are shown. •p < 0.05, as compared with
levels of A. hydrophila. *p < 0.05, as compared with levels
of lipopolysaccharide.
Fig. 2. Comparison of cytokine profiles in human whole
blood from four healthy adults after co-incubation for 6 h
with heat-treated bacteraemic isolates of Aeromonas hydro-
phila (four isolates), Klebsiella pneumoniae (five isolates) and
Escherichia coli (five isolates). Means ± the standard errors
of the means are shown.
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and 12 h after inoculation) for histopathological
examination. Pyogenic inflammation with the
accumulation of neutrophils around bacterial
clumps appeared at 3 h after inoculation of
Ah-2743 (Fig. 3a) and persisted from that time
onwards. At 12 h after Ah-2743 inoculation,
necrotising inflammation with extensive myonec-
rosis, which mimicked ischaemic necrosis, with
few inflammatory cells involved, loss of nuclear
staining, hyalinisation of cytoplasm, and preser-
vation of cellular outlines, was found around the
inoculation sites (Fig. 4a). There were very few
inflammatory cells at 3 h after inoculation with E.
coli ATCC 25922 or Kp-129 (Fig. 3b,c), and supp-
urative inflammation became apparent after 6 h.
Necrotising inflammation with extensive myonec-
rosis was not found at the sites of inoculation with
E. coli or Kp-129 at 12 h, and muscle cells adjacent
to the foci of inflammation still showed distinct
nuclear staining and sarcomeres (Fig. 4b,c).
DISCUSSION
In Western countries, A. hydrophila has been an
uncommon pathogen, even in cancer patients. In a
cancer centre in the USA, Aeromonas bacteraemia
occurred in only 38 hospitalised patients between
1970 and 1990 [5,6]. In contrast, between 1989 and
1998, there were 143 episodes in 141 patients in our
institution, suggesting a much higher incidence of
Aeromonas bacteraemia in Taiwan [2]. K. pneumoni-
ae is a well-known cause of distinctive community-
acquired invasive infections among diabetic
patients in Taiwan, i.e., liver abscess, endogenous
endophthalmitis or pyogenic meningitis, which
are encountered rarely in Western counties [3].
Table 1. Serum levels of TNF-a, IL-1b and IL-6 in mice
after intraperitoneal inoculation of 106 CFU of Aeromonas
hydrophila (Ah-2743), Klebsiella pneumoniae (Kp-129), or
Escherichia coli ATCC 25922; means ± the standard errors
for three mice are shown
Time
Serum levels (pg ⁄mL)
TNF-a IL-1b IL-6
Ah-2743
1 h 237 ± 59.3 11.4 ± 4.5 2058 ± 445
3 h 219 ± 95.9 456 ± 176 15951 ± 4736
6 h 11.9 ± 8.4 260 ± 69.6 15833 ± 1509
9 h 0 4080 ± 983 135543 ± 29419
Kp-129
1 h 28.3 ± 28.3a 41.5 ± 20.6 251 ± 123a
3 h 16.9 ± 8.4 13.5 ± 4.8a 1550 ± 602a
6 h 0a 20.1 ± 8.6a 2520 ± 395a
9 h 0 28.6 ± 18.5a 4935 ± 1214a
E. coli ATCC 25922
1 h 11.9 ± 8.4 38.2 ± 23.9 845 ± 182a
3 h 8.9 ± 17.9 12.5 ± 6.3a 401 ± 77.8a
6 h 0a 24.1 ± 22.1a 2056 ± 299a
9 h 0 427 ± 73.0a 10827 ± 2728a
ap < 0.05, as compared with levels induced by Ah-2743.
Fig. 3. Deep soft tissue infections at 3 h following inocu-
lation with Aeromonas hydrophila (Ah-2743) (a), Escherichia
coli ATCC 25922 (b), or Klebsiella pneumoniae (Kp-129) (c).
Marked suppurative inflammation with aggregates of
neutrophils (arrow) appeared in the lesion inoculated with
Ah-2743, while only a few inflammatory cells were found
in the lesions inoculated with E. coli and Kp-129 (arrows).
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Thus, the clinical impact of invasive infectious
diseases caused by A. hydrophila and K. pneumoniae
in Taiwan is considerable.
Whole blood was used as the source of cytokine
secretion in the present study, rather than specific
cellular components of human blood, because all
the blood cells and soluble factors are present,
mimicking the biological environment in vivo
[7,8].
In addition, the simplicity of blood sample
processing minimises unexpected contamination
or non-specific activation of cellular components,
and this ex-vivo model has therefore been used
widely to measure the cytokine response induced
by Gram-negative bacteria or lipopolysaccha-
rides.
Of three pro-inflammatory cytokines, IL-6 was
detected in the greatest quantities in both ex-vivo
and in-vivo experiments, with serum levels that
began to rise following direct exposure of blood
cells to pyogenic stimuli for 6 h. In the murine
experiment, the rise in serum IL-6 levels was
noted at 9 h after intraperitoneal inoculation.
Similar temporal changes were observed for IL-1
levels in serum. The time-lag between the two
experimental models is likely to be related to the
time required for bacterial translocation from the
peritoneal cavity to the bloodstream.
Community-acquired monomicrobial A. hydro-
phila sepsis in Taiwan tends to herald a worse
prognosis (42% mortality; 19 ⁄ 45 cases) [2] than
K. pneumoniae sepsis (31% mortality; 30 ⁄ 96 cases)
[7]. This is in accordance with the in-vivo and
ex-vivo data from the present study. A. hydrophila
induced greater cytokine responses in the mouse
peritonitis model and in whole blood from
healthy adults compared to K. pneumoniae. In
particular, intraperitoneal inoculation of A. hydro-
phila caused greater mortality in mice compared
to K. pneumoniae.
With intramuscular bacterial inoculation, var-
ied degrees of inflammatory response were
observed in mice, which also suggested variation
in species pathogenicity. There was early recruit-
ment of inflammatory cells around the Ah-2743
inoculation site, as evidenced by the accumula-
tion of neutrophils after 3 h. Within 3 h of murine
intraperitoneal inoculation, Ah-2743 induced
higher serum levels of TNF-a, IL-1b or IL-6 than
did either Kp-129 or E. coli ATCC 25922. Later, in
addition to intense and extended inflammation
around the inoculation sites, only Ah-2743 elicited
a specific pathological change, i.e., myonecrosis.
Pyomyositis or gas gangrene caused by E. coli or
K. pneumoniae has been reported only very rarely
[9–14], while myonecrosis caused by A. hydrophila
has been reported more frequently, with a very
Fig. 4. Deep soft tissue infections at 12 h following inocu-
lation with (a) Aeromonas hydrophila (Ah-2743), (b) Escheri-
chia coli ATCC 25922, or (c) Klebsiella pneumoniae (Kp-129).
Necrotising inflammation with extensive myonecrosis
(arrows), which resembled ischaemic necrosis, with few
inflammatory cells involved, loss of nuclear staining, and
preservation of cellular outlines, was found in mice
inoculated with Ah-2743. In mice inoculated with E. coli
or Kp-129, pyogenic inflammation (arrows) was found,
and muscle cells adjacent to the foci of inflammation still
showed intact nuclear staining.
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poor prognosis [9,15–26]. Specific virulence fac-
tors associated with such a tissue tropism in
A. hydrophila remain undefined.
In conclusion, K. pneumoniae and A. hydrophila,
two community-acquired pathogens in southern
Taiwan, exhibit disparate pathogenicity. In ex-
vivo whole blood studies and murine experi-
ments, A. hydrophila evoked more robust
pro-inflammatory cytokine responses than did
K. pneumoniae, which is in accordance with the
higher fatality rate observed in mice following
intraperitoneal challenge with A. hydrophila.
With intramuscular inoculation, only A. hydro-
phila resulted in myonecrosis, which is compat-
ible with its association with gas gangrene or
pyomyositis in immunocompromised indivi-
duals.
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